ABSTRACT The South American rice miner, Hydrellia wirthi Korytkowski (Diptera: Ephydridae), a recently discovered, invasive pest of rice, Oryza sativa L., is reported from southeastern United States (Louisiana and Texas). A detailed description and diagnosis with illustrations and photographs are provided to facilitate identiÞcation, along with descriptions of its damage as a miner in rice whorls, stems, and leaves. The localities where this invasive species has been found in Louisiana and Texas are provided.
Invasive species comprise a signiÞcant proportion of insect pests in temperate zones such as the United States. In this article, we report the recent discovery of an invasive pest of rice, Oryza sativa L., that has now been found in Louisiana and Texas. The species, Hydrellia wirthi Korytkowski (Diptera: Ephydridae), was Þrst described from specimens collected in Peru and has been found subsequently in Colombia (Pantoja and , Costa Rica (W.M., unpublished), and now in southeastern United States. Elsewhere, we have proposed that this species be called the "South American rice miner." The purpose of this article is to document the speciesÕ occurrence in the United States; to provide a diagnosis and description of the species with appropriate illustrations to facilitate its identiÞcation; to describe its damage as a miner in rice whorls, stems, and leaves; and to outline ongoing survey work on this species.
Materials and Methods
The descriptive terminology, with the exceptions noted in Mathis (1986) and Mathis and Zatwarnicki (1990a) , follows McAlpine (1981) . The descriptive format follows Deonier (1995) . Because specimens are small, usually Ͻ2.5 mm in length, study and illustration of the male terminalia required use of a compound microscope. We have followed the terminology for most structures of the male terminalia that other workers in Ephydridae have used (see references in Mathis 1986; Mathis and Zatwarnicki 1990a,b) , such as surstylus. The terminology for structures of the male terminalia is provided directly in Figs. 6 Ð19. The species description is composite, not based on a single specimen. Two venational and Þve head ratios used in the descriptions are deÞned below. All ratios are based on three specimens (the largest, smallest, and one other specimen). M vein ratio: the straight line distance along vein M between crossveins dm-cu and r-m/distance apicad of dm-cu. Mesofacial ratio: mesofacial height/shortest facial width between the compound eyes; Epistomal ratio: epistomal width/shortest facial width between the compound eyes. Vertex ratio: width of vertex/distance between the anterior ocellus and the ptilinal suture. Eye-to-gena ratio: eye height/genal height. Head ratio: head width/head height.
Dissections of male terminalia were performed using the method of Clausen and Cook (1971) and Grimaldi (1987) . External morphology and internal genitalic features were drawn using a drawing tube on a Nikon Eclipse 400 compound and a Nikon SMZ 1500 dissecting microscope.
Distribution maps were made using ESRI ArcView7 GIS 3.2 (ESRI, Redlands, CA). Longitude and latitude coordinates were obtained for the locality where each specimen was collected and entered into a Microsoft Excel7 (Microsoft, Redmond, WA) spreadsheet. If unavailable directly from specimen labels, longitude and latitude were estimated using gazetteers and maps to determine the geographical coordinates.
Hydrellia wirthi Korytkowski
Figs. 1Ð23
Hydrellia wirthi Korytkowski, 1982 Diagnosis. Maxillary palpus light yellow, somewhat roundly spatulate, usually bearing 4 Ð5 dark setae, setal length 0.3Ð 0.6 palpal length; antenna mostly grayish black to black; scape black; pedicel more densely microtomentose dorsally, bearing 1Ð2 prominent dorsoapical setae; basal ßagellomere light grayish black to black, with dense, short, sparse, pale microtomentum dorsoapically; arista bearing 7Ð 8 dorsal rays; face in lateral view nearly vertical with only slightly distinct upper medial elevation and indistinct antennal grooves; facial color in anterior view varying, shiny, light tan or shiny, silvery white microtomentum; lunule concolorous with face; parafacial narrow, very thin dorsad of midfacial height, concolorous with face, widened ventrally into light gray microtomentose gena; 5Ð7 (usually 6) primary facial setae, sometimes with minute, shallowly declinate secondary facial setulae dorsally; epistoma in anterior view shallowly emarginate; parafrons often dark brown or black, contrasted with olivaceous gray to tan microtomentose frontal vitta and essentially concolorous fronto-orbits; postocellar seta usually 3ϫ length of ocellar seta; mesofacial ratio 2.2Ð2.9; body length 1.65Ð2.05 mm; wing length 1.65Ð2.1 mm; four presutural and two postsutural dorsocentral setulae and one prominent sutural dorsocentral seta; postpronotum and notopleuron mostly concolorous, with light bluish gray microtomentum, contrasted with grayish brown to brown microtomentose scutum and scutellum; ventral margin of notopleuron, especially around base of anterior seta grayish brown to brown; pleuron and lateral margins of abdomen light bluish gray or light gray microtomentose; costal section II/I 2.0 Ð2.1; forefemur with distinct black anteroventral spines or spinoid setae on distal half; trochanters, femorotibial joints, and most of tarsi light to dark yellow, becoming brown apically; fused surstyli with single, elongate, keel-like, medial carina dorsally. Head. Face in lateral view ( Fig. 1 ) nearly vertical with dorsal medial elevation only slightly distinct and with indistinct antennal grooves; facial color in anterior view varying, usually with shiny, silvery white microtomentum but also shiny, light tan; lunule concolorous with face; parafacial narrow, very thin dorsad of midfacial height, concolorous with face, becoming wider ventrally onto light gray microtomentose gena; epistoma, in anterior view, shallowly emarginate; 5Ð7 primary facial setae, sometimes with minute shallowly declinate upper secondary facial setula; antenna mostly grayish black to black; scape black; pedicel more densely microtomentose dorsally, bearing 1Ð2 prominent dorsoapical setae; basal ßagellomere light grayish black to black with dense, short, sparse pale microtomentum dorsoapically; arista bearing 7Ð 8 dorsal rays; parafrons often dark brown or black, contrasted with olivaceous gray to tan microtomentose frontal vitta and essentially concolorous fronto-orbits; postocellar setae usually 3ϫ length of ocellar seta; 13Ð16 postocular setae in row nearest orbit; maxillary palpus light yellow, somewhat roundly spatulate and with usually 4 Ð5 dark setae 0.3Ð 0.6 palpal length. Epistomal ratio: 1.4 Ð1.9; mesofacial ratio: 2.2Ð2.9; vertex ratio: 4.8 Ð 6.6; eye-to-gena ratio: 7.7Ð10.8; head ratio: 1.15Ð1.25.
Thorax. Postpronotum and notopleuron ( Fig. 1 ) mostly concolorous, with light bluish gray microtomentum, contrasted with grayish brown to brown microtomentose scutum and scutellum; ventral margin of notopleuron, especially around base of anterior seta grayish brown to brown; pleuron and lateral margins of abdomen light bluish gray or light gray microtomentose; four presutural and two postsutural dorsocentral setulae and one prominent sutural dorsocentral seta; one katepisternal seta. Wing (Fig. 2 ) length 1.65Ð2.10 mm; veins light yellowish brown; 6 Ð 8 setae on basal end of costa; 5Ð7 dorsal and 6 Ð9 anterior interfractural costal setae; costal section indices: II/I 2.0 Ð2.1; III/IV 2.4 Ð3.0; V/IV 3.2Ð3.4; vein M ratio 1.4 Ð 1.5. Legs light gray or bluish gray microtomentose; trochanters, femorotibial joints, and most of tarsi light to dark yellow, becoming brown apically; forefemur with distinct black, stout anteroventral spines or spinoid setae on distal half.
Abdomen. Tergites in posterodorsal view moderately subshiny, dorsally with brown microtomentum, light gray to bluish gray microtomentose laterally and ventrally. Sternite 5 attached with anterior margin of hypandrium, sternite in ventral view (Figs. 8 and 18 ) V-shaped, each lateral arm deeply cleft, forming a medial, narrow, elongate, shallowly sinuous process bearing apical setulae, in lateral view (Figs. 9 and 19 ) broadly rod-like, more narrowed posteriorly. Male terminalia (Figs. 6 Ð19): Epandrium in posterior view (Fig. 6 ) as a broad, inverted U, each lateral arm conspicuously wider than dorsal connector, in lateral view (Fig. 7) gradually becoming wider on dorsal twothirds, thereafter ventrally almost symmetrically tapered to bluntly rounded ventral margin; cerci in posterior view (Fig. 6) ovate, bearing numerous setulae, in lateral view ( Fig. 7) hemispherical; fused surstylus in posterior view (Fig. 6 ) with a deep, narrow, medial sulcus on apical half and a smaller, lateral cleft forming a lateral, narrow process, in lateral view with a prominent, elongate keel-like carina at merger of surstyli on basal half, thereafter ventrally tapered to narrowly rounded apex; postsurstylus in ventral view (Figs. 8 and 14) generally narrowly triangular, elongate, apex with medial, tooth-like, robust seta, in lateral view (Figs. 9 and 15) with basal half irregularly parallel, narrow, then expanded both anteriorly and posteriorly before taper to narrowly rounded apex that bears a subapical, robust, posterior seta; pregonite simple, rod-like except for apical bifurcation, each arm bearing an apical setula; aedeagus in ventral view (Figs. 8 and 10 ) very slightly tapered from base to apex, apex moderately rounded except for medioapical nipple, in lateral view (Figs. 9 and 11) with base narrow, shallowly curved, thereafter expanded toward broad apex with a pointed, recurved, anteroapical process; phallapodeme in lateral view (Figs. 9 and 13 ) shallowly bifurcate at attachment to hypandrium, narrowly rounded at attachment with base of aedeagus, in ventral view greatly expanded laterally, ßange-like at aedeagal terminus, bifurcate at hypandrial terminus; hypandrium attached to Þfth sternite, in ventral view (Figs. 8 and 18 ) with base narrow, expanded laterally in angulate, stepwise manner (two steps) before anterior, broad attachment with Þfth sternite, in ventral view (Figs. 8 and 18) with posterior one-third narrow, thereafter expanded anteriorly to elongate, nearly parallel-sided, broad anterior two-thirds. Female postabdomen (Figs. 20 Ð22): tergite 5 as long as wide, tapered laterally, posterior margin very obtusely pointed to broadly rounded, other posterior tergites mostly retracted within Þfth; sternite 5 more or less rectangular, about twice as long as wide; tergite 6 wide, with lateral extensions becoming wider; sternite 6 slightly wider than long, roundly quadrate; tergite 7 about half as wide as sixth tergite, very short; sternite 7 3ϫ wider than long, transversely strap-like, lateral margins slightly curved posteriorly; tergite 8 forming an inverted U around cerci, more or less parallel sided; sternite 8 divided, as two ovate sclerites at lateral margins of hypoproct; hypoproct hemispherical; ventral receptacle with cap cupuliform, higher than wide, extended process J-shaped in lateral view (Fig. 22) .
Localities where H. wirthi has been found and specimens examined. Third Instar. Larvae are legless, yellowish or semitransparent, and Ϸ5Ð7 mm in length. The larva scratches the leaf surface and probably mines the leaf before entering the rice whorl and stems. One to several maggots infesting a plant caused death. Age of affected plants varied from 1 to 6 wk postemergence. Although the larvae are miners in leaves , they were observed mainly inside the whorl and stems of rice seedling plants and occasionally, inside the unfurled ßag leaf in Louisiana.
Puparium. Puparia also may be found inside stems. The puparium of H. wirthi (Fig. 5) is light brown, elongate, and tapered at both ends; length Ϸ3Ð 4 mm, width Ϸ1 mm (Fig. 5) . Depending on the level of infestations, several puparia may be found in a single rice stem or tiller.
Taxonomic Remarks. This species is very similar to several species of the griseola species group, particularly H. bicarina Deonier, H. philippina Ferino, and H. spinicrus Cresson. Externally, we cannot consistently distinguish between these species and rely primarily on structures of the male terminalia to differentiate between them. Like H. bicarina and H. philippina, the fused surstyli are deeply and narrowly cleft medioapically, and there are also lateral clefts, forming short, lateral, digitiform surstylar processes (Fig. 6 ). In addition, these species have a conspicuous carina at the basal merger of the surstyli. In H. bicarina, this carina is deeply bilobed with a Þn-like and a rudderlike lobe. In H. philippina there is a single, rudder-like carina, and in H. wirthi, the carina is shaped like a single, vertically elongate, keel-like process (Fig. 7) . The surstylar carina is best observed in lateral view and is sometimes extended and visible in dried specimens.
Although the postgonites are similar in H. wirthi and H. bicarina, the apical half in lateral view is narrower in H. wirthi, and the base of the robust, tooth-like seta is short and the tooth-like seta is long and acutely pointed. In H. bicarina the apical half of the postgonite is generally wider and the base of the enlarged seta is L-shaped and elongate, and the enlarged, apical seta of the postgonite is much smaller and is bluntly rounded apically.
Another species of Hydrellia, Hydrellia griseola Fallé n, also has been reported to be a pest in rice in the United States (DeOng 1922 , Lange et al. 1953 , Grigarick 1959 . In Europe as early as the mid-19th century, this species was identiÞed as a pest in other gramineous hosts of economic importance, such as barley, Hordeum vulgare L. (Lilljeborg 1861) , and later in oats, Avena sativa L. (Balachowsky and Mesnil 1935) . This is the only cosmopolitan species of Hydrellia, and Deonier (1998) reported it from 42 gramineous genera and numerous nongramineous genera. In North America, H. griseola bears the common name of "smaller rice leafminer" (in Europe, this species is sometimes known as the barley miner). Externally, especially in coloration and setation, H. griseola and H. wirthi are very similar. Males of H. griseola, however, do not have a basal, surstylar keel, and there are no lateral, digitiform surstylar processes.
Pest Status. Based on Þeld observations and surveys in 2004 and 2005, including a severe infestation in Louisiana that occurred in late-planted rice (i.e., rice planted in mid-May and later), this species is potentially a serious pest of rice. Early signs of infestations may include a discoloration of the youngest unfurled ßag leaf. In affected rice Þelds, established infestations result in small-to-large areas (patches) of stunted rice with reduced stand density. Closer inspection of affected plants reveals large, elongated lesions along the leaf margins. As the leaf expands, dry, yellowish scars become more visible. Affected leaves become dry and may curl from the beginning of the scar to its tip. Affected leaves often break off or hang by the central leaf vein, and the plant displays a ragged appearance (Fig. 4) General Remarks. We have proposed the common name of South American rice miner because this species was Þrst described from specimens collected in Peru (Korytkowski 1982) . The type locality is in Peru (Lambayeque: Ferreñ afe), and the species has since been found in Colombia . In 2001, we discovered this species in Costa Rica, and only in 2004 was it found in Louisiana and Texas. Deonier (1971 Deonier ( , 1998 , who comprehensively treated the Nearctic species of the genus Hydrellia, did not report this species. Thus, we are of the opinion that it is probably a recent invasive species, perhaps in the past 10 Ð15 yr and that it most likely came from South America. Other Host Species. In addition to rice (Oryza sativa L.), H. wirthi has been reported from Paspalum and Echinochloa (Poaceae; Korytkowski 1982) .
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